A unique group of bioactive, naturally occurring lipid aldehydes were isolated from the fruits of Viburnum opulus, (family Adoxaceae). The natural occurrences of these fatty acid derived aldehydes are reported here for the first time. Helicobacter pylori is a prevalent gastroduodenal pathogen , a causal agent of chronic gastritis and peptic ulcers and an important co-factor in gastric cancer development. We investigated the chemistry and bioactivity of these active constituents by evaluating their ability to inhibit the growth of H. pylori and to induce apoptosis in a gastric cancer cell line (CRL-5971) in vitro.
Fruits and bark of Viburnum opulus L. (Adoxaceae) are used by the Ojibwa and Mohawk tribes of Canada and New York to treat viral infections, gastrointestinal and stomach pains and ulcers [1] . Their knowledge of self-medication with Viburnum provided an opportunity for detailed biochemical and bioactivity assays to determine the chemical structures of the antibiotic and cytotoxic agents. Dichloromethane, chloroform and methanol extracts of V. opulus were shown to be strong inhibitors of various bacteria, especially Helicobacter pylori, which was discovered by Marshall and Warren in 1983 to induce ulcers and for which both were honored with the Nobel Prize in 2005 [2] . H. pylori has been cited as the most prevalent bacterial pathogen within humans. A chronic H. pylori infection leads the patient to develop gastric carcinoma [3] .
In our continuing search for antibacterial and anticancer natural products, we found that the organic extracts from V. opulus were able to inhibit the growth of H. pylori and induce apoptosis in gastric carcinoma CRL-5971 in vitro.
V. opulus var americanum is wildly distributed in the northeast of the U.S. and Canada [4] . It is a highly ornamental species and is often referred to as "Hallmark" because of its brilliantly red fruit. The fruits are available during the fall and into the winter months and some of the fruits are avoided and not consumed by birds. The fruit, when dried, releases a characteristic unpleasant odor. Chloroform-methanol (1:1) extraction of the dried fruits yielded a reddish oily extract. The Viburnum extract was fractionated and subjected to GC trace analysis with the bioactive fraction noted to contain a mixture of lipid aldehydes. It is unknown how humans are infected by H. pylori, so prevention is difficult.
Recently, studies conducted world wide have shown that a combination of antibiotics and other drugs is the most effective treatment for H. pylori induced peptic ulcers that can lead to malignancy.
Our results indicate that the aldehyde bioactive fraction of V. opulus exerts a direct antiproliferative effect on the growth of human gastric carcinoma. Apoptosis was induced in a dose-dependant manner. Cell death was detected at a concentration of 27 μM with an IC 50 value in the range 0.9 to 1.7 μM. Microscopic evaluation of cancer cells treated with marginally cytotoxic levels of V. opulus crude extract and fractions, and stained with the fluorescent indicators, propidium iodide and Hoechst 33342, specifically demonstrate the induction of apoptosis, rather than necrosis.
Morphological features (chromatin, condensation and formation of apoptotic bodies) were seen as early as after 6 h duration of the experiment.
The antimicrobial and anticancer properties of V. opulus extracts appear to be worthy of more detailed examination for chemotherapeutic potential in oncology. Various bacteria and fungi were tested with the non-polar crude extracts. They showed strong inhibition of the gram-negative H. pylori, mostly in the chloroform/methanol fractions. The purified aldehyde mixture showed a high inhibition of H. pylori at low concentration.
A previous study also proved an inhibitory effect of flavonoids (in vitro) on growth, infection and vacuolation of H. pylori and reported that apoptosis could be improved using quercetin, which can inhibit apoptotic signaling by H. pylori Vac A toxin [5] . Jones et al. reported that H. pylori induced epithelial stomach cell apoptosis [6] . Induction of apoptosis from VacA toxin and activated caspase-3 was reported by Boquet et al. [7] . Mitochondria-related apoptosis and antiapoptotic effects mediated by NFaeB activation induced by H. pylori were reported by Maeda et al. [8] .
Experimental
The small red colored fruits (pseudocranberries) of Viburnum opulus var americanus were collected in central New York in the winter of 2004 by Dr Shirley Crawford, SUNY Morrisville, New York. The fruits were dried using a commercial fruit/vegetable drying rack.
The dried fruits were ground using a large mortar and pestle and extracted with a mixture of chloroform and methanol (1:1) and left overnight. The extracts were filtered and fractionated using silica gel column chromatography with a solvent polarity gradient (nhexane, n-hexane/dichloromethane, dichloromethane, dichloromethane/methanol, methanol).
Fractions were collected and the non-polar bioactive fractions were analyzed by GC-MS.
GC-MS analysis of the fruit extract and fractions were carried out in a Hewlett Packard 5890 gas chromatograph (splitless mode) coupled to an HP5970B Mass Selective Detector. For the analysis, a HP-5MS capillary column was used (cross-linked 5% PH ME Siloxane, 30 m X 0.25 mm and 0.25 um film thickness (Hewlett Packard, Anaheim, CA). The oven was held at 100ºC for 2 min., raised at a rate of 10ºC /min to 200ºC, held for 10 min and raised at a rate of 3ºC /min to 300ºC.
Antibiotic bioassay:
For evaluation of the antibiotic effect of the extract on bacteria and fungi, two Grampositive bacteria were used: Bacillus cereus (ATCC 31430) and Staphylococcus aureus (ATCC 6538P). Gram-negative bacteria Helicobacter pylori (ATCC 43504), Pseudomonas aeroginosa (ATCC 27858) and Escherichia coli (ATCC 128) were also tested. Two yeasts, Saccharomyces cerevisiae (ATCC 287) and Candida albicans (ATCC 0028) were investigated in these assays as well. Bacto R Nutrient Agar (Difco Laboratories, Detroit Mi) was utilized for the bioassays, the former for bacteria and the letter for yeasts.
The procedure was conducted as follows: the sterile Petri dishes containing solid medium were inoculated with either a bacterium or yeast. Duplicates were prepared. The filter paper discs, impregnated with extracts, after drying, were introduced into the Petri dishes, placed in a designated area, and duplicates were prepared.
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Measurements of antibiotic activity:
After a period of 24 h in the incubator, the Petri dishes with growing bacteria and yeasts and discs containing extract were examined and the radius of any area of growth inhibition was recorded. Viburnum opulus extract was antibiotic against all bacteria and yeast but Candida albicans. The average radius of inhibition was around 3 mm. Helicobacter pylori showed high susceptibility to compounds from V. opulus.
Culture of cells:
For the apoptosis assay, gastric carcinoma CRL-5971 cells were cultured at 37 o C (with 5% CO 2 and 95% humidity) in Dulbecco's Modified Eagle's medium (DMEM-Sigma, D-5648), supplemented with 10% heat inactivated Fetal Bovine Serum (Atlanta Biologicals, Inc.) and Antibiotic Solution, 100x (Sigma A-9909). Cells were obtained from the American Type Culture Collection (ATCC, Rockville, MD).
Detection of apoptosis:
For detection of apoptosis, a "DNA double staining" method [9] was adapted for cytological detection of apoptosis in cell culture. Briefly, cells in culture were stained concurrently with Hoechst 33342 and propidium iodide (Molecular Probes, Inc, Eugene, OR). After reaching confluence, cultured cells were trypsinized and centrifuged. Four mL of medium was delivered to each well of six-well plates, containing flamesterilized cover slips. Pellets of cells were collected after centrifugation, re-suspended in 1 mL of medium, counted using a hemocyto meter (Improved Neubauer) and delivered to each well of the plates at a concentration of 1x10 4 cells per plate. Cells were allowed to adhere to the cover slips for 24 h at 37 o C with 5-7% CO 2 . After 24 h, the extract and fractions to be tested (in DMSO) were added to the assigned wells. DMSO alone was added to cells as a control. Following incubation for 72 h, suspended (non-attached) cells were transferred to test tubes, and 50 mL of both Hoechst 33342 (1mM diluted 1:4 with PBS pH 7.40) and propidium iodide (200 mg/mL 1:9 with PBS pH 7.40) solutions were added to each tube. The tubes were incubated for 30 min. at 37 o C, and then 50 μL of stained cells were pipetted onto clean microscope slides. The cover slip from each well was removed and one small drop mounted on the slides atop the aliquot of stained, unattached cells. Staining of cells was detected with a Zeiss Fluorescence Microscope using a "longpass" filter cube. Apoptotic cells were identified by the presence of brightly stained (light blue to white) "apoptotic bodies," along with other diagnostic characteristics of cellular apoptosis, as opposed to either normal cells, which contained florescent (light blue to white), intact nuclei, or necrotic cells, which appear as swollen and fluorescent red (from propidium iodide).
Supplementary data:
The electron impact mass spectra for 2,4-decadienal and 2-undecenal.
